Habitat Suitability Index Model of the Florida Sandhill Crane (\u3cem\u3eGrus canadensis pratensis\u3c/em\u3e) in West-Central Florida by Buck, Courtney E.
 
 
 
 
 
Habitat Suitability Index Model of the Florida Sandhill Crane (Grus canadensis pratensis) in 
 
West-Central Florida 
 
 
 
by 
 
 
 
Courtney E. Buck 
 
 
 
 
A thesis submitted in partial fulfillment 
of the requirements for the degree of 
Master of Science in Environmental Science and Policy 
School of Geosciences 
College of Arts & Sciences 
University of South Florida 
 
 
 
Major Professor: Joni Downs Firat, Ph.D. 
Ruiliang Pu, Ph.D. 
Yujie Hu, Ph.D. 
 
 
Date of Approval: 
June 25, 2019 
 
 
 
Keywords: habitat analysis, GIS, suitability variables, HSI  
 
Copyright © 2019, Courtney E. Buck 
 
 
 
 
 
 
 
 
 
ACKNOWLEDGMENTS 
 
I would ultimately like to thank my major professor Dr. Joni Downs Firat for all her support and 
guidance through my thesis research. I would additionally like to express gratitude toward Drs. Ruiliang 
Pu and Yujie Hu for serving as committee members and providing valuable feedback during my thesis 
proposal. I’m appreciative of Dave Ziolkowski from the North American Breeding Bird Survey for his 
extensive knowledge and assistance with the survey data. Lastly, I would like to thank my family for 
always encouraging me to pursue my passion for environmental science. 
 
i 
 
 
 
 
 
 
TABLE OF CONTENTS 
 
List of Tables ............................................................................................................................................... iii 
 
List of Figures .............................................................................................................................................. iv 
 
Abstract ......................................................................................................................................................... v 
 
Chapter One: Introduction ............................................................................................................................ 1 
Life History ...................................................................................................................................... 3 
Description and Identification............................................................................................. 3 
Distribution and Abundance ............................................................................................... 3 
Habitat ................................................................................................................................. 4 
Home Range and Movement .............................................................................................. 5 
Reproduction and Recruitment ........................................................................................... 6 
Diet and Nutrition ............................................................................................................... 7 
Survival and Mortality ........................................................................................................ 7 
Conservation and Management ........................................................................................... 8 
 
Chapter Two: Research Methodology ........................................................................................................ 10 
Research Objectives ....................................................................................................................... 10 
Study Area & Data ......................................................................................................................... 10 
SV1- Potential Nesting Area .......................................................................................................... 13 
SV2- Immediate Nesting Area ....................................................................................................... 13 
SV3- Wetland Coverage ................................................................................................................ 13 
SV4- Foraging Area ....................................................................................................................... 14 
SV5- Brooding Area ...................................................................................................................... 14 
SV6- Road Proximity ..................................................................................................................... 15 
HSI ................................................................................................................................................. 16 
Validation ....................................................................................................................................... 16 
 
Chapter Three: Results ................................................................................................................................ 18 
 SV1- Potential Nesting Area .......................................................................................................... 18 
ii 
 
SV2- Immediate Nesting Area ....................................................................................................... 20 
SV3- Wetland Coverage ................................................................................................................ 20 
SV4- Foraging Area ....................................................................................................................... 20 
SV5- Brooding Area ...................................................................................................................... 20 
SV6- Road Proximity ..................................................................................................................... 21 
HSI ................................................................................................................................................. 21 
Validation ....................................................................................................................................... 21 
 
Chapter Four: Discussion ............................................................................................................................ 27 
 SV1- Potential Nesting Area .......................................................................................................... 27 
 SV2- Immediate Nesting Area ....................................................................................................... 27 
 SV3- Wetland Coverage ................................................................................................................ 28 
 SV4- Foraging Area ....................................................................................................................... 28 
 SV5- Brooding Area ...................................................................................................................... 29 
 SV6- Road Proximity ..................................................................................................................... 29 
 HSI ................................................................................................................................................. 30 
 Validation ....................................................................................................................................... 32 
 Limitations ..................................................................................................................................... 34 
 
Chapter Five: Conclusion ........................................................................................................................... 36 
Significance ................................................................................................................................... 36 
Future Work ................................................................................................................................... 37 
 
References ................................................................................................................................................... 38 
 
Appendices .................................................................................................................................................. 41 
 Appendix A: Figures. ..................................................................................................................... 41 
 Appendix B: Tables ....................................................................................................................... 44 
  
 
 
 
 
 
 
iii 
 
 
 
 
 
 
LIST OF TABLES 
 
Table 1. Suitability variables (SV) and their descriptions ..................................................................... 11 
 
Table 2. Mean suitability value for each SV raster set .......................................................................... 18 
 
Table 3.  Displays the t-test evaluation for the Nobleton route .............................................................. 23 
 
Table 4.  Displays the t-test evaluation for the Ridge Harbor route ....................................................... 24 
 
 
 
 
 
 
  
iv 
 
 
 
 
 
 
LIST OF FIGURES 
 
Figure 1. SWFWMD boundary (project area) showcasing west-central FL .......................................... 12 
 
Figure 2. Displays the six SV’s and their habitat suitability ranges before they were input 
 into the HSI ............................................................................................................................. 19 
 
Figure 3. Final HSI model displaying potential habitats ranging from unsuitable to optimal ................ 22 
 
Figure 4. BBS survey routes utilized to validate the results ................................................................... 25 
 
Figure 5. Displays the HSI validation map. ............................................................................................ 26 
 
Figure 6. A Maximum and Mean zonal statistic was run on the FL Management Area  
 polygons to extract the HSI values at those locations ............................................................. 32 
 
  
v 
 
 
 
 
ABSTRACT 
 The Florida Sandhill Crane (Grus canadensis pratensis) is a state threatened endemic subspecies 
of the Sandhill Crane (Nesbitt & Tacha, 1997). With a population that was estimated at a maximum of 
5,000 individuals in 2003 (Nesbitt & Hatchitt, 2008), it is imperative to identify potentially viable 
habitats, as Florida is rapidly developing. This research develops a Habitat Suitability Index model to 
determine unsuitable to optimally suitable habitat locations throughout west-central Florida. To do so, six 
suitability variables based on the crane’s life history were evaluated: Potential nesting area, immediate 
nesting area, wetland coverage, foraging area, brooding area, and road proximity. The results were 
compiled into a map, which showcased a gradient of habitat suitability within the Southwest Florida 
Water Management District boundary. Validation of this model included assessing the 2013-2017 stop 
data obtained from the North American Breeding Bird Survey for two routes in the project area. However, 
this data proved to be insufficient and unreliable, resulting in insignificance. The intention of this research 
was to prioritize those areas that are of optimal suitability to assist on conservation management of this 
threatened species. However, it highlighted the necessity for updated research, data, and population 
information for the Florida Sandhill Crane. 
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CHAPTER ONE: 
INTRODUCTION 
 
The Florida sandhill crane (Grus canadensis pratensis) is one of six sandhill crane subspecies 
(Armbruster, M, 1987). However, the Greater Sandhill Crane and other migratory species have extensive 
research of their habitat suitability and estimated population sizes. This subspecies has not been recently 
studied regarding habitat suitability. Rapid destruction and development of the Florida cranes potential 
nesting, foraging, and brooding habitats are apparent causes of concern. Additionally, anthropogenic 
disturbances such as roads are additionally flushing Florida cranes from their nests (Armbruster, M, 
1987). With an already constrained population compared to their subspecies counterparts, identification of 
critical habitats is of utmost importance.  
Habitat Suitability Index (HSI) models have historically been used for environmental impact 
assessments and habitat evaluation procedures (Roloff & Kernohan, 1999). According to Downs, Gates, 
& Murray (2008), HSI models account for an animals life history in order to assess the quality of a habitat 
(Brooks, 1997). To obtain an HSI, the habitat variables are computed into an equation which ranks the 
habitat quality as optimally suitable valued at 1.0, or unsuitable valued at 0.0 (Brooks, 1997; Downs, 
Gates, & Murray, 2008). The habitat variables are established through a literature review of the selected 
species, or through direct observation, and are typically representative of foraging area and land cover 
(Brooks, 1997). When determining the overall value of the HSI, some variables are weighted more 
heavily based on importance of that habitat to the species (Brooks, 1997). Because these models are based 
on assumptions and subjectivity, they have exhibited criticism due to the absence of validation studies 
(Roloff & Kernohan, 1999).  
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The overarching goal of my research was to identify and validate optimum and habitats within 
west-central Florida for the Florida sandhill crane. To accomplish this, the Southwest Florida Water 
Management boundary was used. An HSI model for the aforementioned study area was created and 
analyzed through Geographic Information Systems (GIS). Index models exist for Greater sandhill cranes, 
which this research was adapted from. Armbruster’s (1987), index model considered the cranes life 
history to determine various criteria as habitat parameters. In this study, habitat suitability was defined 
with the notion of having optimum and unsuitable conditions present through the analysis of a potential 
habitat (Armbruster, M, 1987).  Additionally, he noted that anthropogenic disturbances played an integral 
role in defining a cranes habitat (Armbruster, M, 1987). The parameters used to complete the index 
included: wetland coverage, water regime of wetlands, foraging and reproductive cover types, as well as 
the percentage of wetland coverage (Armbruster, M, 1987). He identified locations with a value of 0.0 
being unsuitable (Armbruster, M, 1987).  
 An additional study regarding Greater sandhill cranes was conducted by Downs, Gates, & Murray 
(2008), which identified the life history of cranes located in the Great Lakes area within Ohio. An HSI 
model was created determining which areas are most optimal for cranes using the following parameters: 
(Z1) potential nesting site, (Z2 )immediate nesting area, (Z3) wetland cover, (Z4) foraging area, and (Z5) 
brooding area (Downs et al., 2008). These criteria were input into the following HSI formula (Downs et 
al., 2008): 
𝐻𝑆𝐼 = (𝑍1 × 𝑍2) × (𝑍3+𝑍4+2𝑍5
4
)  
 The most influential variables for optimal suitability were potential nesting site and immediate 
nesting area (Downs et al., 2008). These were multiplied by one another and the remaining criteria, so 
emergent wetlands larger than 0.4 ha received a higher suitability valuation. They found that wetland 
coverage, foraging habitats, and brooding areas were of relative suitability which is why they were 
averaged. However, accessibility of grasses for crane brooding was substantially more important than the 
other two factors, which is why it was assigned a higher weight (Downs et al., 2008). 
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 My research utilized historic literature and methodology based on the former HSI model studies 
of the Greater sandhill cranes, as Florida crane models were not found while reviewing literature. This 
study is important because estimated population studies have been conducted for this crane subspecies, 
but this research can help close the knowledge gap by further identifying optimal potential habitats within 
west-central Florida. Other studies have gathered habitat information and preferences for these cranes in 
other regions, including Georgia, but Florida’s population of cranes geographical habitat distribution is 
limited.  
Life History 
Description and Identification 
The Florida sandhill crane is a non-migratory crane subspecies that is native to Florida (Nesbitt & 
Tacha, 1997). These cranes are easily identified by their elongated legs and neck (FNAI, 2001). 
Specifically, their legs have been recorded to lengthen at a rate of 1 centimeter per day (Dusek, Spalding, 
Forrester, Komar & Day, 2005). They grow to a height just under four feet tall, with a wing-span 
measuring to about six and a half feet in length (Nesbitt, 1996). Their coloration varies throughout their 
maturity. Adults feathers are primarily gray, with white deviations on the face, and neck, and red 
coloration on the crown of their heads (FNAI, 2001). However, their red crown is not comprised of red 
feathers, rather exposed red skin (Florida Fish and Wildlife Conservation Commission, n.d.a). Juvenile 
cranes are distinguished by tawny feather pigmentation on their neck and heads. Unlike the adults, their 
heads do not yet exhibit the red crown seen in mature cranes. The remaining portions of the juveniles’ 
bodies are composed of gray feathers (FNAI, 2001). The presence of a brown nape is also indicative 
feature of a juvenile crane (Tacha & Vohs, 1984). Figure A1 showcases the physical appearance of the 
Florida Sandhill crane. 
Distribution and Abundance 
Due to the sedentary nature of Florida sandhill cranes, their geographical distribution is limited. 
They are most commonly located throughout Florida, Georgia’s Okefenokee Swamp, and have been 
traced in Mississippi (Bennett & Bennett, 1992). Research on potential viability of crane translocation 
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into compatible habitats in Georgia had been successful. This infers that it is probable for Florida sandhill 
crane distribution to expand into appropriate habitats outside of Florida (Abler & Nesbitt, 2001). 
According to Nesbitt and Hatchitt (2008), Florida’s Florida sandhill crane population is the most 
abundant and steady throughout their overall geographical range. A variety of inputs were used to 
estimate the Florida sandhill cranes 2003 population, which equated to approximately 4,600 to 5,000 
cranes in the state (Nesbitt & Hatchitt, 2008; Orange County Government, FL, n.d.). However, during 
winter migration, approximately 25,000 Greater Sandhill Cranes come to the state (Orange County 
Government, FL, n.d.). With such a volatile population, these cranes are listed in Florida as a threatened 
species in desperate need of fortification (Orange County Government, FL, n.d.). 
Habitat 
Habitats were determined by the amount of use for each type of habitat compared to habitat 
availability for Florida sandhill cranes (Nesbitt & Williams, 1990). According to this study, the four 
habitat types (constituting over 80% habitat use) that appeared to be preferential to these cranes were: 
pasture, emergent palustrine wetlands, pasture-forest transitional areas, and pasture-emergent palustrine 
wetlands (Nesbitt & Williams, 1990). In a different study, six habitats were designated to be primarily 
utilized by these cranes: “Dry Prairie, Grasslands, Improved Pasture, Unimproved Pasture, Shallow 
Freshwater Marsh, and Shrub Swamp” (Nesbitt & Hatchitt, 2008, pg. 40). FigureA2 displays these cranes 
in an Emergent Palustrine Wetland. Additionally, within Georgia, Florida sandhill cranes likewise were 
found to inhabit wetlands and marshes. 
Marsh and wetlands containing specific herbaceous plants such as pickerel weed and maidencane, 
with proximity to both grasslands and uplands are favored by Florida sandhill cranes (Toland, 1999; 
Downs et al., 2008). They have also been found in both natural and created wetland systems, such as 
mitigation areas and storm water retention ponds (Toland, 1999). Figure A1 displays cranes at the top of 
bank for a wetland mitigation area that was recently constructed. They have been observed to use 
transitional habitats, which were determined to be about 20m on both sides of the chief habitat types 
(Nesbitt & Williams, 1990). According to Bennet (1992), these cranes were detected to heavily utilize 
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mixed grass herbaceous habitats during winter and fall seasons. Additionally, the cranes were seen to 
populate shrub-scrub marshes during the spring and winter months, with little to no use in these locations 
in fall and summer (Bennet, 1992). They also allocate much of their time foraging in uplands, prairies, 
croplands, and pastures (Stys, 1997; Nesbitt & Hatchitt, 2008; Dusek et al., 2005; Herr & Queen, 1993). 
These cranes have been observed to habitually roost at the same landcover sites for up to 6 weeks 
(Bennet, 1992). While brooding, colts have been studied to forage a maximum distance of 400-500m 
while under 2 months old in grasslands and pastures (Stys, 1997).  
Home Range and Movements 
 Florida sandhill cranes are territorial animals which is a large factor in predicting their home 
range and movements. According to a study conducted by Nesbitt & Williams (1990), Florida sandhill 
cranes home range consisted of two variances: cranes that remain in their territory throughout the year, 
and cranes which left after they had nested (Nesbitt & Williams, 1990). Additionally, crane pairs that 
were territorial of their land were exhibited to have multiple nesting attempts (Nesbitt & Williams, 1990). 
Those who leave their territories displayed a home range that was two and a half times that of the 
stationary pairs (Nesbitt & Williams, 1990). Subadults had the largest home ranges during nesting season, 
and conversely the most minute after nesting (Nesbitt & Williams, 1990). On average, adult cranes home 
ranges were found to be approximately 447 ha (Nesbitt & Williams, 1990). 
In Georgia’s Okefenokee Swamp, they revealed a heightened sense of territorial behavior during 
fall and winter seasons. These actions were performed in locations where they feed as a survival tactic 
(Bennet & Bennet, 1992). Coupled sandhill cranes territoriality behavior included vocalized calls and 
“walk threats” to those who encroach on their territory by land or by sky (Bennet & Bennet, 1992). 
Sandhill cranes in possession of a defined territory tended to showcase higher success in fortifying a 
mate, which aids in the breeding process (Nesbitt & Tacha, 1997). Yet, when mates are no longer 
monogamous with one another, or a member of the pair dies, male sandhill cranes were shown to obtain 
the territory over females most of the time (Nesbitt & Tacha, 1997). 
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Reproduction and Recruitment 
When a Florida sandhill crane is observed, they are seldom found alone. This is because they 
form pair bonds that have the potential to last throughout their lives. Florida sandhill cranes reach sexual 
maturity between the ages of two and three (Nesbitt & Schwikert, 1998), and have and observed lifespan 
of up to 20 years (Orange County Government, FL, n.d.). A male cranes’ first breeding effort is at about 
two years old, and females’ first attempt at about three years of age (Nesbitt, Folk, Schwikert, & Schmidt, 
2001). The earliest successfully breeding female Florida sandhill crane was documented at 23 months old 
(Nesbitt et. al, 2001). 
Once bonded, these cranes are also known to exhibit “dancing” in the form of leaping, flapping 
their wings, and bowing to reinforce the bond they have with their mates (“Florida Sandhill Crane”, n.d.). 
When cranes couple up, they remain monogamous in attempt to successfully reproduce viable offspring. 
Nesbitt & Tacha (1997) found that for the age of Florida sandhill crane pairs sampled, majority of the 
females were older than males. Cranes that have nested together for the first time, were less productive 
than pairs that had a history nesting together (Nesbitt & Tacha, 1997; Nesbitt et al., 2001). Research on 
crane mating illustrated that pairs continued to reproduce with each other if they had one fruitful nesting 
season. However, sandhill cranes may “divorce” one another, which had been attributed to unsuccessful 
reproduction (Nesbitt & Tacha, 1997; Nesbitt et al., 2001). Those that had methodically yielded fledged 
offspring have “divorced” after multiple years of unsuccessful reproductive attempts (Nesbitt et al., 
2001). The bond between two mating sandhill cranes is important because parental care is an integral part 
of nesting success. Reproduction requires attentive care from both parents to the offspring for up to 9-10 
months (Nesbitt & Tacha, 1997; Nesbitt & Williams, 1990). It is thought that this intensive parental care 
facilitates loyalty between parent and offspring (Nesbitt et al., 2001).  
There are a variety of factors that contribute to the nesting failure of Florida sandhill cranes. 
Failures can result from eggs being eaten through predation, inundation of water to the nest, parental 
neglect, as well as other biological factors (Dwyer & Tanner, 1992). Crane pairs have been observed to 
successfully raise a chick by re-nesting within days of losing a previous chick by laying a fertile egg 
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(Nesbitt et al., 2001). In the event of parental death, cranes have been found to repair within days of the 
loss (Nesbitt & Tacha, 1997). To maintain a stable population, crane recruitment needs to fall between 
10-12% (Dwyer & Tanner, 1992). However, reproductive success is determined on the condition of 
whether the offspring has fledged (Nesbitt et al., 2001). According to a study by Nesbitt et al. (2001), 
annual rainfall was correlated to productiveness of nesting seasons. They found that there was high 
nesting productivity during years with higher than average rainfall. Inversely, lesser productive nesting 
occurred in years that had below average rainfall (Nesbitt et al., 2001). Nesting cranes have exhibited 
higher productivity rates when located in unobstructed natural wetlands rather than those that have been 
altered through development (Toland, 1999).  
Diet and Nutrition 
Florida sandhill cranes are omnivorous animals and their sustenance consists of a combination of 
plants and animals ranging from seeds, to saw palmetto, to insects, frogs and crabs (Rucker, 1992). Red 
rooted tubers were also claimed to be a staple in their diet (Bennet, 1992). Their food preferences were 
seasonally driven which contributed to the amount of energy that they would exert in search for specific 
fare (Rucker, 1992). Their mode of foraging was observed to be visually and tactilely driven. The cranes 
would seek out insects, while resourcefully consuming frogs, crabs, and small mammals (Rucker, 1992).  
Survival and Mortality 
Mortality rates may be the highest for cranes in the stages right before and just after fledging due 
to predation (Nesbitt & Badger, 1995). Because of lengthy prefledging, and colts being precocial, young 
cranes are more vulnerable to predators while they forage in upland pastures (Dusek, Spalding, Forrester, 
Komal & Day, 2005). Cranes in northern and central Florida have been experiencing this increase in 
predation due to newer established coyote populations. Cranes have not yet recognized coyotes as 
predators, contributing to their rapid population decline (Nesbitt & Badger, 1995; Dusek, Spalding, 
Forrester, Komal & Day, 2005). Other common predators to the crane chicks and nests include: alligators, 
bobcats, owls, hawks, and pigs (Dwyer & Tanner, 1992). According to a 2008 study performed by 
Nesbitt, Schwikert, and Spalding, predation of crane chicks was attributed as the primary cause (81%) of 
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their deaths. They found that mammals were the most responsible predator type, and that chicks were 
approximately one month old when they were killed (Nesbitt, Schwikert & Spalding, 2008). For adult 
Florida sandhill cranes, there have been instances of bobcat and infrequent alligator attacks facilitating 
their demise (Bennet & Bennet, 1990).  
There are other factors that contribute to Florida sandhill crane mortality in addition to predation, 
such as disease. Potential diseases impacting crane chick survival were: Disseminated Visceral 
Coccidiosis (DVC), arboviruses, blood parasites, as well as other medical conditions (Dusek, Spalding, 
Forrester, Komar, & Day, 2005). 
As a survival tactic, Yosef (1994) witnessed Florida Sandhill cranes defending their offspring by 
utilizing sex specific distractions. The females’ behavior mimicked those of injured birds, the male had 
walked with their legs and neck stretched out making audible calls and claps, while their young hid by 
lying flat along the ground (Yosef, 1994). At the time, this behavior had not been recorded, but since has 
been observed in other Florida sandhill crane populations. 
Conservation Management 
Within Florida, the Florida sandhill crane is classified as a threatened species. The major issue that 
these cranes face is the rapid development throughout the state, pushing these animals out of their habitats 
(Orange County Government, FL, n.d.). Figure A3 displays cranes that may be displaced from 
construction of a subdivision that included emergent wetland impacts. Despite being found in mitigation 
areas, the literature suggests that this is an indicator for successful mitigation, rather than being a truly 
successful habitat. There has been an increase in the amount of crane deaths caused by car collisions 
which can be associated to habitat loss. Figure A4 and Figure A5 show a common sight throughout areas 
of rapid growth such as Wesley Chapel, as cranes cross streets and medians while brooding and foraging. 
A case study determined that dozens of this subspecies are killed by vehicular collisions on state roads 
(Folk, Nesbitt, & Spalding, 2001). In a study conducted by Dwyer and Tanner (1992), approximately half 
of the observed nesting cranes that habituated within 400m of areas with disturbance such as railroads, 
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highways, and mines were successful. However, proximity to major roads has led to inundation of nests 
induced by rain runoff, leading to nest abandonment (Dwyer & Tanner, 1992).  
There are currently protection measures set in place for these cranes such as laws to disallow the 
feeding cranes and the collection of their eggs, nests, and the cranes themselves (Orange County 
Government, FL, n.d.). These laws help deter from taking these as novelty items, which aims to increase 
the fledging success of juvenile birds. There are many suggestions for the conservation and management 
of this subspecies, such as translocation to suitable habitat types as discussed previously (Orange County 
Government, FL, n.d.). Overall, land acquisition and habitat preservation proposals seem to be the 
consensus in protecting the cranes from habitat degradation and loss through development. 
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CHAPTER TWO: 
RESEARCH METHODOLOGY 
 
Research Objectives 
The purpose of this study was to detect potentially viable nesting habitats for the Florida sandhill 
crane in west-central Florida as shown in Figure 1. This portion of Florida has ongoing development, 
which lessens the available nesting, foraging, and brooding habitats for these cranes. It is important to 
identify where optimal habitats are located for future land allocation or preservation to protect this species 
from further population decline. To do so, an HSI model was developed using the following habitat 
parameters: potential nesting area, immediate nesting area, wetland coverage area, foraging area, 
brooding area, and road proximity. Additionally, the research sought to validate the model through the 
utilization of the North American Breeding Bird Survey. A goal of this study was to highlight the 
necessity of additional Florida sandhill crane research to address how their habitats have changed with a 
changing landscape. 
Study Area & Data 
The study area for this analysis is west-central Florida, with the Southwest Florida Water 
Management District as the project’s boundary. This area consists of 16 counties (Southwest Florida 
Water Management District, n.d.), and spans north to south from Levy to Charlotte County, with Pinellas 
on the west and Highlands County on the east. A variety of different land uses persist in this area. These 
land use types range from natural and conserved lands, to densely populated and developed cities. 
The land cover data that was utilized was the Florida Natural Areas Inventory (FNAI), which was 
released in 2018. This vector dataset is Cooperative Land Cover which was created by the Florida Fish 
and Wildlife Conservation Commission (FWC) and FNAI. The FNAI layer was used for all parameters 
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excluding road proximity as shown in Table A1. The Florida boundary and water management district 
boundary layers were obtained through the SWFWMD opensource data portal. Lastly, the FDOT major 
roads layer from 2019 was obtained through the Florida Geographic Data Library. The major roads layer 
is comprised of the State Highway System which included: highways, U.S. Routes, interstates, and state 
and county roads. All the layers were converted to have a spatial resolution of 30x30m and a spatial 
reference of NAD_1983_Florida_GDL_Albers. The layers, spatial reference, and source are displayed in 
Table A2. 
The Florida sandhill crane HSI model for this study was adapted from the Downs et al. (2008) model 
of Greater Sandhill Cranes in Ohio. An HSI model consists of an equation based on a species life history. 
These life history parameters/suitability variables (SV) are weighted through the index, which range from 
optimally suitable (1.0) or not suitable (0.0) (Downs et al., 2008). The SV’s utilized in this research are 
illustrated in Table 1. 
 
Table 1. Suitability variables (SV) and their descriptions. 
Variables Description 
SV1 Potential Nesting Area 
SV2 Immediate Nesting Area 
SV3 Wetland Coverage Area 
SV4 Foraging Area 
SV5 Brooding Area 
SV6 Road Proximity 
 
After the layers, as shown in Table 1, were added, preprocessing steps such as clipping boundary 
layers, converting layers to raster, reclassifying land cover site values, and setting the layers resolutions to 
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be a consistent 30m × 30m were conducted. After these rudimentary steps were completed, the suitability 
variables were then computed to further calculate the HSI.  
 
 
Figure 1. SWFWMD boundary (project area) showcasing west-central FL. 
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SV1-Potential Nesting Area 
According to Layne (1983), Florida sandhill cranes nest in small wetlands, vegetated ponds, and 
wet prairies. The literature suggested that these cranes only nest in a variety of wetland habitats, which 
have been extensively discussed in the introduction. The FNAI cooperative land cover layer was 
reclassified by the following sites: Freshwater Non-Forested Wetlands, Wet Prairie, Marshes, Isolated 
Freshwater Marsh, Depression Marsh, Basin Marsh, Floodplain Marsh, and Floating/Emergent Aquatic 
Vegetation. These land cover types were assigned a value of 1 (optimal), and all other site types within 
the project area was assigned a value of 0 (unsuitable) to create a binary layer. 
SV2- Immediate Nesting Area 
 This variable was utilized to account for the immediate area surrounding potential nest sites as 
also classifying as a wetland. To do this, a rectangular focal statistic of a 3x3 cell was run to extrapolate 
the mean of the binary SV1 layer. This statistic yields the proportion of the 3x3 area that is classified as 
wetland, which is used as the value for SV2. This variable assures that optimal wetlands are at least 2.25 
ha in size; smaller wetlands receive SV2 values that are proportional to their size. 
SV3- Wetland Coverage 
 To determine wetland composition, a 780m radius of the binary wetland SV1 layer was created 
by utilizing the focal statistics tool which evaluated the mean. Due to limited and outdated research on the 
time allocation and usage for the Florida sandhill crane, the 780m radius was obtained from Downs et. al 
(2008) study of habitat suitability of Greater sandhill cranes. The final SV3 layer contained suitability 
values ranging from 0-1. The condition for this layer is displayed below: 
SV3 = 1 (optimal) if % of wetland is ≥ 15%, and SV3= % 𝑊𝑒𝑡𝑙𝑎𝑛𝑑
15%
  if < 15% 
 In other words, wetland coverage is optimal if at least 15% of the habitats within the 780m radius 
are classified as wetlands. Lower levels of coverage receive SV3 values proportional to their amount. 
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SV4- Foraging Area 
 The foraging area surrounding the nest is an important factor to evaluate habitat locations. To 
determine foraging area suitability, upland and wetland areas based on the literature were designated a 
value of 1 (optimal), and all other land cover types were designated a value of 0 (unsuitable). The 
following FNAI land cover types determined to be optimal are the following: Dry Prairie, Shrub and 
Brushland, Rural Open, Cropland/Pasture, Row Crops, Improved Pasture, Unimproved/Woodland 
Pasture, Other Open Lands-Rural, Wet Prairie, Floating Emergent Aquatic Vegetation, and 
Flatwoods/Prairie/Marsh/Lake.  
A 3km radius was conducted through a mean circular focal statistic of the foraging and non-
foraging area binary layer. The radius distance was chosen in concert with Nesbitt & Hatchitt (2008), 
which concluded that the maximum distance sandhill cranes traveled from their nests to forage did not 
exceed 3km. The time allocation that that Greater sandhill cranes utilized foraging areas was determined 
to be 15% (Downs, 2004).  For this input the SV4 conditions were computed by the adapted criteria from 
Downs et al. (2008). The final SV4 layer was computed in the same manner as SV3, resulting in a 0-1 
range of suitability.  
SV4=1 if % of foraging area is ≥ 15%, and SV4= % 𝐹𝑜𝑟𝑎𝑔𝑖𝑛𝑔 𝑎𝑟𝑒𝑎
15%
  if < 15% 
This means the foraging area is optimal if at least 15% of the habitats within the 3000m radius are 
classified as areas in which cranes feed. Lower levels of coverage receive SV4 values proportional to 
their amount. 
SV5- Brooding Area 
 Brooding area is another suitability variable that needs to be accounted for, based on their 
contribution to a crane’s life history. Sandhill cranes use upland prairies and grasslands to brood (Stys, 
1997). These habitat types are similar to those that they forage in but are slightly more restrictive. The 
following FNAI land cover types acknowledged to be brooding habitats for Florida sandhill cranes are: 
Dry Prairie, Cropland/Pasture, Row Crops, Field Crops, Improved Pasture, Unimproved/Woodland, and 
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Wet Prairie. Like the analysis for the previously discussed SV’s, the areas classified for brooding habitat 
were valued at 1 (optimal), and all other FNAI land cover types were valued at 0 (not suitable) to create a 
binary layer. Young cranes have been observed to travel between 400-500m from the nest to forage 
between 1 week of age to about 1.5 months old (Stys, 1997). Therefore, a 450m focal statistic was 
performed on the binary layer to obtain the mean value within that radius. Due to the lack of data for the 
Florida subspecies, these percentages were based on Downs (2004), which quantified that amount of time 
Greater sandhill cranes resided and utilized these habitat types. According to this research, Greater 
sandhill cranes spent approximately 20% of their time brooding in these land cover types. Like the 
previous criteria for foraging and wetland coverage, the brooding area was formulated as displayed 
below: 
SV5= 1 if % of grasses are ≥ 20%, and SV5 = % 𝐺𝑟𝑎𝑠𝑠𝑒𝑠
20%
  if < 20%. 
This equation means that the brooding area is optimal if at least 20% of the habitats within the 
450m radius are classified as brooding habitats. Lower levels of coverage receive SV5 values 
proportional to their amount. 
SV6- Road Proximity 
 Florida sandhill cranes are known to flush their nests when disturbance is nearby, and in some 
cases abandon them (Dwyer & Tanner, 1992), despite having been observed to nest relatively close to 
roads. SV6 was processed to determine the optimal habitat for these cranes regarding road proximity as a 
potential nesting disturbance. The optimal proximity to roads was determined to be greater than 500m 
away (Dwyer & Tanner, 1992), it was unsuitable to have the nearest road less than 10m away from a nest. 
The Euclidean distance was performed on the major roads, with no maximum distance set. If the distance 
from the road ranged from 0-10m it was deemed to be unsuitable. Whereas, distances greater than 500m 
from major roads were determined to be the most optimal. Additionally, SV6= [1-((500-Actual)/490)] if 
the distance to the nearest major road was between 10-500m. The habitat is optimal if they are at least 
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500m away from major roads, and unsuitable within 0-10m from major roads. Intermediate levels of 
coverage receive SV6 values proportional to their distances.  
HSI 
 After the calculations for the individual SV’s for each criterion was completed, these variables 
were input into the index formula. This formula was modified from Downs et al. (2008). The types of 
wetlands which these cranes nest in (SV1) and the immediate area surrounding these potential nests 
(SV2) were weighted the most heavily in the index. The criteria obtained equal weights because of their 
relative importance in nesting capabilities. The index is shown below: 
𝐻𝑆𝐼 = (𝑆𝑉1 × 𝑆𝑉2) × (
𝑆𝑉3 + 𝑆𝑉4 + 𝑆𝑉5 + 𝑆𝑉6
4
) 
 The final index represents habitat suitability for cranes on a scale of 0.0 to 1.0. Multiplying SV1 
and SV2 ensures that optimal nesting habitat is classified as a suitable nesting wetland habitat type (SV1) 
and of a suitable size (SV2). These variables are multiplied by the average of the remaining variables, 
which can be somewhat compensatory with one another. They were all weighted equally as the literature 
didn’t provide evidence otherwise. 
Validation 
To validate the model, the North American Breeding Bird Survey (BBS) was used. The BBS data 
extends from 1966 to 2017, and includes different routes taken to survey the birds, and the quantity of that 
species in a given route. Nobleton and Ridge Harbor route surveys during 2013-2017 were used to 
validate the model. Validation was done by extracting HSI values for the selected routes and their 
corresponding stops. A comparison of values for each route was conducted for stops that contained crane 
observations to those that lacked crane observations. 
GIS and GPS data does not exist for the BBS routes and stops. Therefore, analysis of available 
information and description-based stops were mapped as points while navigating Google Maps Street 
Viewer. Each route contains 50 stops, which are described qualitatively by different individuals. The two 
routes chosen to validate the model were selected based on their stop description, active status, and 
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variation of presence and absence of cranes at the stops among the five-year span. These routes were 
along roads, and a survey based on crane count and vocalization from these stops along the road were 
used.  
A circular focal cell statistic maximum was run for the stops on the two routes for 500m. This 
distance was chosen because as crane nests do not occur on roads where the stops were located, the focal 
statistic represented the indicated the HSI values 500m circular radius from the potential nesting areas. 
The literature suggested that 500m+ distance from roads was most optimal habitats for cranes, which is an 
additional reason as to why this value was utilized in the analysis (Dwyer & Tanner, 1992). These HSI 
values were then extrapolated and compared to determine if there was significance between the HSI 
values for stops that had cranes observed over the past 5 years, compared to those that hadn’t. 
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CHAPTER THREE: 
RESULTS 
 
SV1-Potential Nesting Area 
The results for SV1 only displayed the areas defined as potential nesting habitats for the cranes, 
which was symbolized in red. The analysis resulted in a binary layer that had valued potential nesting 
wetland habitats as 1, and all other land use/cover types as 0. With the symbology set to disregard 0 
values, only those areas classified as potential nesting habitats were displayed in the resulting layer. A 
zonal statistic was utilized extrapolate the average suitability value from the SV1 raster dataset. The mean 
suitability value for this layer resulted to be 0.05 on 0 to 1 scale which is shown in Table 2. There was a 
higher density of potential nesting wetland habitats found in the southern portion of the project area, with 
a higher density of remnant wetland areas eastward from the coastline as shown in Figure 2. 
 
Table 2. Mean suitability value for each SV raster set. 
 Mean Suitability Standard Deviation 
SV1 0.05 0.23 
SV2 0.05 0.20 
SV3 0.27 0.34 
SV4 0.74 0.37 
SV5 0.441 0.46 
SV6 0.65 0.48 
HSI 0.04 0.16 
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Figure 2. Displays the six SV’s and their habitat suitability ranges before they were input into the HSI.  
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SV2- Immediate Nesting Area 
The immediate nesting area as shown in Figure. 7 displays a variation of suitability throughout 
the study area. These areas have the same symbology as the SV1 layer. However, the results display a 
variation of coloration where the areas of more optimum suitability appear darker, and those of less 
suitability range from yellow to orange. The average suitability value for this layer was very close to that 
of the SV1 layer at 0.05 as shown in Table 2. 
SV3- Wetland Coverage 
 Higher wetland composition is shown in the red on the SV3 map (Figure 2). Like SV1, the areas 
that had the highest value of suitability were in the southern portion of the project area. Areas surrounding 
Tampa Bay and Pinellas County were observed with lower suitability, with the symbology of yellow 
variations or lacked data all together. Many of the areas which did not comprise a high density of 
wetlands resulted as a low or intermediate suitability. Additionally, there were sections of the project area 
that had excluded any symbology due to value of 0 as not displayed because there was no presence of 
wetlands, as shown in the center of the map. However, majority of this layer is a variation of suitability 
values ranging from unsuitable to optimally suitable. The results of this SV are mostly symbolized and 
saturated with values from 0-1, with intermediate colors and values apparent. When analyzing SV3 the 
suitability composition averaged to 0.27 for the raster values for the project area as displayed in Table 2. 
SV4- Foraging Area 
The foraging area symbolized as show in Figure 2 exhibited large regions of higher suitability. 
The only areas that are of lesser suitability are the locations surrounding Tampa Bay, Pinellas County, and 
the Lakeland area. The mean suitability for the foraging area was 0.74 for the study area (Table 2). With a 
suitability almost at 75%, this is exceedingly higher than that of the former SV’s computed. This SV 
considered the most land cover types and had the largest radius (3000m) than any other SV evaluated.  
SV5- Brooding Area 
 Majority of the project area exhibits a suitability value for crane brooding areas. The coastline 
lacks suitability, and the optimal brooding areas north of Tampa Bay trend from low to high suitability for 
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an inward trajectory. However, there are intermittent patches of low or unsuitable brooding areas for 
cranes, such as the central portion of the project area. The southern half south of Tampa Bay appears to 
contain locations of densely suitable brooding locations for the cranes. The mean suitability raster value 
for the project area resulted with a valuation of 0.44 (Table 2). 
SV6- Road Proximity 
The roads themselves, and 10m away from the major roads were determined to be unsuitable. It 
was most suitable for major roads to be 500m+ away from optimal habitats. This is directly shown in 
Figure 2. Areas symbolized as red are those furthest away from the roads. The portions of the map in 
white exhibit no suitability or low habitat suitability. The results were as expected, which the average 
value of suitability on a scale from 0-1 is 0.65 (Table 2).   
HSI 
The final HSI shows a gradient of suitability values (Figure 2). This layer is a compilation of the 
above SV’s into the indexed equation to obtain the final HSI model. The most weight was given to SV1 
and SV2, as it was key that that wetland presence and the surrounding areas were given priority in the 
analysis. The other variables were weighted equally as through the literature they were deemed of relative 
importance for habitat selection. Therefore, the mean suitability value for the HSI model resulted as 0.04 
(Table 2). The minimum HSI value was 0 (unsuitable), and the maximum value was 1 (optimal). Because 
the most influential suitability variables were those that only incorporated specific wetland land cover 
classifications, which had the lowest values, the overall suitability for the model was impacted. 
Validation 
Nobleton was the first route analyzed, which is located in the northern portion of the project area 
as displayed in Figure 4. For the surveys over the course of five years (2013-2017), cranes were observed 
at 20% of the stops. Table A3 and Figure 5 display the quantity cranes observed at each stop on the 
Nobleton route from 2013-2017. The average HSI value at stops within this route that contained Florida 
Sandhill Cranes was 0.34. Comparatively, the HSI for the stops that these cranes were not observed at 
was 0.21. A two-tailed t-test assuming unequal variances was run to determine the p-value between the 
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two datasets (stops with and without crane present during a survey). Table 3 displays the p-value as being 
statistically insignificant, with a valuation of 0.28.  
 
 
Figure 3. Final HSI model displaying potential habitats ranging from unsuitable to optimal. 
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Table 3.  Displays the t-test evaluation for the Nobleton route. This is a two-sample t-test assuming 
unequal variances. Variable 1 consists of stops that contained crane observations. Variable 2 consists of 
stops that did not contain crane observations. 
  Variable 1 Variable 2 
Mean 0.34 0.21 
Variance 0.11 0.09 
Observations 10 40 
Hypothesized Mean Difference 0 
 
df 13 
 
t Stat 1.12 
 
P(T<=t) one-tail 0.14 
 
t Critical one-tail 1.77 
 
P(T<=t) two-tail 0.28 
 
t Critical two-tail 2.16   
 
The Ridge Harbor route was located at the southwestern portion of the project boundary. This 
route is located along major roads, toward the coastline as shown in Figure 4. Over the five-year survey 
period, 34% of the stops included crane observations, 66% of the stops did not have cranes observed. The 
average HSI value for stops that included crane observations was 0.24, while those stops without cranes 
had an average HSI value of 0.25 as shown in Table A4. Therefore, the analysis for this route indicated 
higher average HSI value for stops that did not contain crane observances as shown in Figure 5. 
Consequently, while processing a two-tailed unpaired t-test, the two conditions were not statistically 
significant. The p-value as shown in Table 4 was 0.99. 
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Table 4. Displays the t-test evaluation for the Ridge Harbor route. This is a two-sample t-test assuming 
unequal variances. Variable 1 consists of stops that contained crane observations. Variable 2 consists of 
stops that did not contain crane observations. 
  Variable 1 Variable 2 
Mean 0.24 0.25 
Variance 0.08 0.10 
Observations 17 33 
Hypothesized Mean Difference 0 
 
df 37 
 
t Stat -0.01 
 
P(T<=t) one-tail 0.50 
 
t Critical one-tail 1.69 
 
P(T<=t) two-tail 0.999 
 
t Critical two-tail 2.03   
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Figure 4. BBS survey routes utilized to validate the results. 
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Figure 5. Displays the HSI validation map. This showcases the two routes, with the stops symbolized by 
size for the number of cranes observed from the BBS survey from 2013-2017, and by their HSI values.  
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CHAPTER FOUR: 
DISCUSSION 
 
SV1-Potential Nesting Area 
 Potential nesting area (SV1) can be interpreted as all the wetland habitat types which sandhill 
cranes utilize are symbolized in red, and every other color type is excluded. There are varying sizes of 
wetlands throughout the study area, some with connectivity and others isolated. This is due to the FNAI 
codes that were classified as being of suitable habitat. Other land use types may be interfering with the 
connectivity of wetlands, or have possibly encroached on wetlands, making them smaller or more 
isolated. However, the study area does appear to have potential nesting areas dispersed throughout. This 
layer along with SV2 and SV3 were anticipated to have the lowest value for suitability area due to the 
restrictions of the landcover classifications. Only some of the wetland types were recognized for these 
layers, therefore omitted large portions of the study area that did not comprise these layers. The selectivity 
of these layers are why they had higher weights in the index. Because these specific wetland types are the 
top factors in a crane’s life history, it was important that they be weighted heavily as cranes only nest in 
specific wetland types. 
SV2- Immediate Nesting Area 
 The immediate area surrounding a potential nest site (SV2) is interpreted to exhibit a range of 
suitable habitats. This is due to the 3x3 rectangular mean focal statistic that was set regarding SV1. Only 
the defined wetlands that were within this neighborhood were deemed as suitable, and if they fell outside, 
they were unsuitable. Therefore, in order for SV2 to have displayed optimal values (1), the entirety of the 
cells within the neighborhood would be required to contain wetland types specified for SV1. This is due 
to the average of all the cells within the focal statistic being accounted for. It appears the perimeter on the 
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eastward and southward sides of the project boundary had higher concentrations of highly suitably sites, 
with lesser suitability more central or along the western coast. This SV also has more influence over the 
following SV’s because it is a multiplier in the index. 
SV3- Wetland Coverage 
Wetland coverage (SV3) seems to identify the same high suitability concentrations as the final 
HSI model, likely due to wetland presence being a key factor in the index. It appears that habitat areas 
that constitute the highest suitability values are surrounded by more intermediate suitability areas, and 
then further to low or non-suitable habitats. Locations of the study area which display the high habitat 
suitability are those that contained 15% of designated wetland coverage within the established 780m 
radius of a potential nesting site. These areas which are shown on Figure 2 parallel that of state parks, 
management areas, conservations easements, and preserves. The locations which do not have any 
symbology for this layer, are because they did not exhibit wetlands within the 780m radius. 
SV4- Foraging Area 
When evaluating foraging area (SV4), majority of the maps show areas of high suitability. This is 
likely due to the various habitats in which sandhill cranes forage, which constitute a substantial portion of 
the study area. These areas consider the various habitat types within a 3000m radius are included in 
calculating this SV. This helps illustrate why suitable foraging areas are more expansive than other SV’s 
throughout the analysis. The higher mean raster value is likely because the land cover used to analyze the 
suitability include not only wetland areas, like the previous conditions. A minimum of 15% of the area 
within the 3000m focal radius was to be comprised of the specified foraging areas to be considered 
optimal (1) symbolized in red. If the land cover within the 3000m did not make up 15% of the area, the 
habitat is not optimal and would display suitability from none through variable suitability levels. The 
computation of this layer included claiming upland areas, and account for a larger quantity of landcover 
throughout the study area. Therefore, it is intuitive that the raster value for this layer would result in the 
highest suitability for the project area, as the percent of forging areas likely exceeded 15% of the habitat 
area. 
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SV5- Brooding Area 
Brooding area (SV5) also correlated to wetlands identified in previous layers but show additional 
suitability than those layers. This is due to grasses and pastures being classified as optimal habitat. 
Brooding area was analyzed with a 450m radius. It was equated that 20% optimal brooding habitats must 
lie within 450m to be assigned the greatest valuation as shown in red. Those areas that don’t contain 
symbology are because the designated brooding land cover types were not contained within 450m of a 
potential nest. Compared to SV4 in both Figure 2, there are less habitat areas suitable for brooding, but 
the difference in radius must be considered compared to the foraging layer which included a 3000m 
radius from the specific land cover classifications. Additionally, the criteria for SV5 required a minimum 
of 20% of the habitat to be grasses, rather than 15%. Both were determined to be of equal importance to 
the overall habitat suitability for the final HSI model, so were given equal weights despite this disparity. 
The suitability map for this SV is displayed with higher concentrations of suitability which is reflected by 
the mean value. The mean value of the rasters suitability for the entire area was under 50% of the study 
area. This can be interpreted from the map because although it appears that there are more areas of 
optimal suitability displayed in red over the areas of lower suitability displayed in yellow. It is important 
to note that areas which were considered completely unsuitable with a valuation of 0, or those landcover 
types not included in the entire SV analysis, were not symbolized. These areas are shown as the 
background in white, and those areas of low/no suitability comprise majority of the study area.  
SV6- Road Proximity 
Road proximity (SV6) seemed to be more obvious analyzing its outcome. Simply, areas that are 
major roads are not suitable for sandhill cranes, and those with greater distances from roads have 
increasing suitability. This layer played a role in the overall suitability, however, was not the main factor 
in contributing to the HSI. The potential nesting habitats and wetlands were already absent from locations 
that comprised a high density of major roads, therefore not contributing as much influence as other SV’s 
had. Additionally, the layer consisted of major roads, so smaller more rural roads were excluded from the 
analysis. The suitability of potential habitats along the coast for this SV was very low, as the coastline 
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consists of high concentrations of major roads such as I-75 and I-4. This result was the same throughout 
the center of the study area from east to west along I-4. These major highways run through city hubs such 
as Tampa, Lakeland, an St. Petersburg.  
HSI 
Lastly, the final HSI map (Figure 3) shows the overall suitability or unsuitability of Florida 
Sandhill Crane habitat in the Southwest Florida Water Management District’s boundaries of west-central 
FL. It was observed that in more densely populated/developed cities such as Tampa, Lakeland, and 
majority of Pinellas County, there were very few areas of habitat suitability. This may be due to the 
urbanization of these areas including major roads and impervious surfaces which lack wetland presence. 
Because potential nesting in wetlands and immediate area surrounding these potential nests were 
weighted highly in the index, it makes sense that areas lacking wetlands would result in unsuitable/low 
suitability in the final model. Therefore, resulting in a low over average suitability for the study area as 
the model was conditioned to favor values surrounding the first two SV’s. The remaining parameters were 
equally weighted and averaged due to insufficient information on the amount of time Florida sandhill 
cranes reside in each habitat types and for the specified activities (foraging, brooding). Therefore, their 
importance was averaged to maintain an unbiased stance. Downs et al. (2008) index had the brooding 
habitats weighted double that of foraging. However, without recent compelling data of habitat usage and 
time allocation over the past 25 years for the Florida sandhill crane, the weights remained equal. With 
more information and future research, these weights may be manipulated to favor certain SV’s over 
others. 
Extending further into rural areas, or less developed locations, the suitability increases as shown 
in red. It appears that the higher concentration of suitable habitats is in the southernmost portion of the 
District. The variables that held the highest weight in the index most influenced the overall model.  
While comparing Figure 3 to the satellite view on Google Maps, the locations with high 
suitability seem to be located within or proximal to the Green Swamp, Charlotte Harbor Preserve State 
Park, Fred C. Babcock/Cecil M. Webb Wildlife Management Area, Babcock Ranch Preserve, Myakka 
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River State Park, and Richolam Wildlife Management Area. These areas helped to verify that the model 
has some accuracy. To further interpret the role that management areas have, the 2019 Florida 
Management Area (flma) layer was analyzed. The zonal statistics tool was run on the polygons of the 
flma layer as the boundary in concert with the final HSI model’s raster as shown in Figure 6. The 
maximum statistic was run to determine what the maximum suitability value fell within the management 
areas. Part of the Withlacoochee State Park and Green Swamp contained a maximum suitability of 1, 
which is the highest that could be obtained. The same tool was run to interpret the mean suitability value 
for these management areas as well (Figure 6). 
It can be inferred that large expanses of protected lands which comprise a conglomerate of land 
cover types, away from disturbances such as roads, would be suitable habitat for Florida sandhill cranes. 
The center of the map in the Lakeland area, exhibited no suitability. This is likely due to not being 
classified as a wetland area, nor an upland foraging or brooding area that the cranes utilize in their 
habitats. It appears that this area is comprised of phosphate mines, which would eliminate these areas 
from the analysis. A similar interpretation was extrapolated for highly urbanized areas such as Pinellas 
County, and the Tampa Bay region. As these areas are densely developed with wetlands that were likely 
small, isolated, and too close to roads, the results indicated a lack of inclusivity for these land cover types. 
As majority of the analysis is based on the FNAI land cover layer, it is important to note that land cover 
types that were not classified through the five suitability variables were excluded entirely.  
There appeared to be a correlation between areas that are primarily constituted of major roads, 
which have a low or unsuitable value, and unsuitable locations in the final HSI model. This is intuitive 
because those area that are highly developed or urbanized, such as the major cities throughout the district, 
will have more road infrastructure. Therefore, areas further away from these urban hotspots are more 
suitable for sandhill crane habitat as these areas related to wetlands and uplands that pertain to their life 
history.  
Nesbitt & Hatchitt (2008), conducted a similar study attempting to quantify the Florida sandhill 
crane population and habitat. Additionally, much of the life history information that was utilized to 
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comprise this HSI model was extracted from research completed by Nesbitt and Hatchitt. Comparatively 
their map highlights similar locations of habitat suitability. It is important to note that the study 
showcased potential habitats for 2003. Land cover and land use may have drastically changed in the 15 
years. 
 
 
Figure 6. A Maximum and Mean zonal statistic was run on the FL Management Area polygons to extract 
the HSI values at those locations. 
 
Validation 
 Figure 5 displays graduated stop symbols based on the quantity of cranes observed at each stop 
between 2013-2017, and the associated values extracted to those stop points. The graduated symbols 
between the two figures aren’t significant enough to correlate. This is likely due to all the limitations and 
constraints of the validation data.  
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It is important to note that the intention of the model was to predict potential nests for the cranes. 
Observations of cranes made from roads are likely of cranes foraging, rather than the observance of a 
crane at their nesting site. Roads which are evaluated in the model pose a negative impact to the HSI, as 
cranes do not nest on roads. Therefore, with the survey routes and stops being located on roads is not 
representative of a potential nest and reduces the strength of the validation methods. 
A major limitation of the validation was the lack of data and literature to verify the model. There 
are no designated GPS coordinates for the stops along the routes and were solely based on road and 
odometer descriptions. For example, stop 16 for Ridge Harbor has a description of: “After curve, across 
from cattle pens”. Any topographic changes made to the landscape from the time that the descriptions 
were created may deem the description itself irrelevant. A list of these descriptions for the two routes are 
shown in Table A5. To map the stops in GIS, I had to utilize the descriptions for each stop with the miles 
on the odometer (if provided in the stop description) to measure out distances on GIS from each stop, 
which were not to be ½ a mile apart from one another. The descriptions were used to “walk” the route on 
Google Maps street view to locate the generalized location of each stop, and correlate that onto my map. 
Therefore, there was a lot of subjectivity and lack of uniformity for the stops in each route. Many of the 
routes are no longer used and are considered inactive. Additionally, those which are active, were not 
consistently surveyed throughout the years.  
The two routes that were chosen for validation of this model were because they contained more 
specific stop description, along with surveys having been performed from 2013-2017. Of the 35 routes 
that were wholly or partially confined in the project area, only 11 were actively surveyed from 2013-
2017. Of those 11 routes, Nobleton and Ridge Harbor contained the most detailed stop descriptions. This 
drastically reduced the amount of data that could be analyzed to validate the model. All the stop 
descriptions were inconsistently specified, as different volunteers formulated them quantitatively. I 
reached out to the appropriate avenues to try and obtain more accurate stop locations, and it appears that a 
goal for BBS is to at some point, map, and utilize GPS coordinates (with beginning and ending 
coordinates) to increase the reliability of the surveys. Currently the surveys are to be used more generally 
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at the route scale, not the stop scale. The validation for this model can be reproduced once they release 
this information, and the results of the validation may drastically change. A shapefile that represents that 
stops, and their GPS coordinates would benefit future volunteers who aid in conducting the surveys. It 
would create a dataset which is more precise and accurate and consistent as to where the individuals stop, 
as the volunteers who assist may get different routes over the years. This way they will be stopping at the 
same location, rather than within half of a mile deviation of the stops. 
Ideally, all the routes that are contained within the District boundary would have been analyzed. 
Routes that were located in highly concentrated HSI values would be compared to those in areas which 
had lower suitability. However, with restricted route and stop data, the best candidates were chosen, 
which still posed constraints. The Nobleton route was in the northern portion of the study area which 
lacked prevalence of wetlands on the western portion of the route, as it got closer to the coastline. 
Majority of the stops were located in an area which did not contain an HSI value above 0 within 500m of 
those stops. The Ridge Harbor route had a similar issue in that it was located along the coastline, and was 
near major roads, development, and urbanization such as Punta Gorda, SR 41, and I-75. Because of this, 
the suitability of that area of the route was for the most part unsuitable for crane habitat, as wetlands were 
lacking. If route and stop data was more accurate, it would have been beneficial to conduct the survey 
analysis in those areas which were in locations of higher suitability per the index to note that differences 
in crane quantities observed. 
Limitations 
Aside from those previously discussed in the validation section, a constraint of this analysis was 
that some of the parameters were based on another sub-species of sandhill crane because of limited 
information on the native species. This study was adapted from the Downs et al. (2008) research, as it 
pertained to the Greater Sandhill crane subspecies. Though as the literature suggests, that the two 
subspecies were very similar, and physically indistinguishable, the Greater Sandhill Crane is a migratory 
species, which may have different habitat constraints (Armbruster, 1987). The Florida subspecies may 
interact differently with their habitat than other sub species in other states. Specifically, the Florida 
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sandhill crane residing in Georgia have been known to utilize habitats differently than those observed 
throughout Florida. This information alludes to potential inaccuracy of the parameters set, despite feasible 
habitats shown in the final model (Figure 3). This alludes to the need for time allocation research to be 
conducted for the Florida crane variety in their habitats. 
Different temporal data was used throughout the model and validation: 2018 landcover, 2019 
roads, and crane surveys from 2013-2017. This poses an issue because of potential changes in the 
landscape from year to year. More specifically, none of the data utilized fell within the validation range. 
The landcover data for my study area is not updated annually. 2011 was the most recent data that I was 
able to access aside from the 2018 layer that was utilized for this research. The 2011 data also was not 
contained in the validation range. Perhaps, widening the years of surveys used to validate the model with 
2011 landcover data, and major roads that correspond with that timeline would more effective. Inversely, 
from evaluating older layers, new data from ongoing surveys into 2018-2019 may be input into the model 
once the survey data becomes available. 
 The SV’s used in this model used thresholds (e.g. 15% wetland, 780m radius) derived from 
pervious research. The choice of these thresholds affects the resulting habitat suitability index values. 
Since it is at the discretion of the individual conducting the research to set these thresholds, a different 
researcher may evaluate them separately. This is the reason why HSI models have a sense of subjectivity. 
It would have beneficial to conduct a global sensitivity analysis to identify how different thresholds of the 
parameters affect the overall model. 
An additional constraint was the lack of information and studies conducted of the Florida Sandhill 
Cranes, especially in the west-central region of Florida. Much of the research was conducted by Nesbitt, 
and Bennett. However, these studies were conducted since the early 1990’s until about 2008. There is 
general knowledge disseminated across government websites because the crane is a state listed species. 
These sources provide limited general information with the same sources that are now relatively dated. 
This leaves approximately a decade long information on this species. 
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CHAPTER FIVE: 
CONCLUSION 
 
Significance 
In conclusion, protection of potentially suitable sandhill crane habitat is of utmost importance for 
the fortification of this subspecies. As they have a limited geographical range, loss of habitat will disrupt 
the population of this threatened subspecies (Orange County Government, FL, n.d.). Results showed 
optimal habitats to overlapping already protected and managed lands. Non-suitable habitats were those in 
highly urbanized and developed locations throughout the study area such as Lakeland, Tampa, etc.  
Presence of emergent wetlands are of high priority in determining the cranes preferable habitats, while 
grassland for brooding, and other uplands for foraging must also be considered. However, the validation 
was insignificant in authenticating the model, therefore, more studies are needed on time allocation and 
use of Florida’s population of Florida sandhill crane habitats to develop more accurate HSI models and 
validation methods. 
The implications of this research foremost highlight the lack of data and updated literature 
surrounding this crane. With a growing urban and suburban landscape in west-central Florida, Florida 
Sandhill Crane habitats should be re-evaluated. For wetlands that are being impacted, mitigation banking 
is becoming a common practice for developers who wish to purchase wetland compensation credits rather 
than the traditional forms of mitigation which are on or off-site creation, preservation, enhancement 
(Reiss et al., 2009). With mitigation banking, wetlands which once naturally occurred and provided 
nesting habitat for the cranes are being offset offsite. FWC conditions are present on permits during 
construction, if development is proximal to nesting Florida Sandhill cranes (Florida Fish and Wildlife 
Conservation Commission, n.d.b). However, are developers and construction workers trained to identify 
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threatened species that may be nesting? If so, will they stop the construction of a potentially time 
restrictive project and report the nesting of a crane, or will it go unreported, potentially flushing the nest. 
As my literature research suggested that nesting cranes may flush a nest if disturbances are within certain 
proximities (Armbruster, M, 1987).  
It is important to address the reasons attributed to Florida sandhill crane decline over the past few 
decades. Please note, not only are wetlands an integral part of their life history, but upland and 
pastureland are utilized for foraging and brooding colts. These lands are also being developed upon, so 
there needs to be protection of a variety of cover types, not just a monoculture of emergent wetlands. An 
analysis which evaluates the carrying capacity of the cranes should be completed for this region of 
Florida. 
Future Work 
Future work to validate the model can use in situ surveys, in which coordinates are established at stop 
locations to enhance reproducibility of the survey data each year. Like the Downs 2004 research, it would 
be helpful to have tracking data and information on the cranes time allocation in each habitat type, as well 
as what they are utilizing that habitat for. Future studies may include mapping where cranes are observed 
in urban environments and assessing historic aerials to determine what land cover types were once 
prevalent in those areas. Additionally, conducting the HSI model on different years of land cover would 
be beneficial to map to interpret changes in landscape, and how those changes correlate to the HSI values. 
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APPENDICIES: 
 
Appendix A: Figures 
 
Figure A1. Cranes utilizing a new mitigation area in Tampa, FL. 
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Figure A2. Two Florida Sandhill Cranes in a Palustrine Emergent Wetland in New Tampa, FL. 
 
 
Figure A3. Two cranes amid a new subdivision which was built surrounded by herbaceous and forested 
wetlands. This community contained wetland impacts. 
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Figure A4. Two parent Florida Sandhill Cranes and their colt foraging in a median next to the Grove mall 
in Wesley Chapel, FL. 
 
 
Figure A5. Florida Sandhill Cranes with their colt crossing traffic at the entrance ramp of I-75. 
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Appendix B: Tables 
Table A1: FNAI codes and the corresponding SV’s they were utilized for. 
Suitability Variables (SV) Land cover type FNAI 
SV4, SV5 Crop & pasture 18331, 183314 
SV4 Row crops 183311 
SV4 Rural open land 1831, 183315 
SV4, SV5 Dry prairie 1330 
SV4 Shrub & Brush 1500, 1510 
SV4 Pine flatwoods 1300 
SV1 Non-forested vegetated wetland 2100 
SV1 Freshwater marsh 2120, 2130 
SV1, SV4, SV5 Wet prairies 2111 
SV1, SV4 Emergent aquatic vegetation 2140 
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Table A2. Data layers, their sources, and spatial references, that will be used for the HSI model. 
Data Name Data Source Spatial Reference 
Major Roads 2019 https://www.fgdl.org/metadataexplorer
/explorer.jsp 
Albers Conical Equal Area 
Water Management 
District Boundaries 
https://data-
swfwmd.opendata.arcgis.com/datasets/
water-management-district-boundaries 
GCS_NAD83(HARN) 
Florida Cooperative Land 
Cover 2018 (Vector) 
http://geodata.myfwc.com/items/f7bb9
259f6c7462d8de73b90169eaf43 
NAD_1983_Florida_GDL_Alb
ers 
Florida Boundary https://data-
swfwmd.opendata.arcgis.com/datasets/
florida 
NAD_1983_2011_Florida_GD
L_Albers 
Florida Managed Areas 
2019 
https://www.fgdl.org/metadataexplorer
/full_metadata.jsp?docId=%7B963216
7A-1178-45D1-A5F3-
AE93109E8B0D%7D&loggedIn=false 
Albers Conical Equal Area 
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Table A3. BBS survey data and HSI values for the Nobleton route. The HSI raster values were extracted 
from a maximum 500m focal statistic of each stop. 
Stops 2013 2014 2015 2016 2017 Total Raster Value 
1 0 0 0 0 0 0 0.75 
2 0 0 0 0 0 0 0.65 
3 0 0 0 0 0 0 0.63 
4 0 0 0 0 0 0 0.75 
5 0 0 0 1 0 1 0.75 
6 0 0 1 1 0 2 0.74 
7 0 0 0 0 0 0 0.75 
8 0 0 0 6 0 6 0.75 
9 0 0 0 1 0 1 0.00 
10 0 0 0 0 0 0 0.80 
11 0 0 0 0 0 0 0.00 
12 0 0 0 0 0 0 0.39 
13 0 0 0 0 0 0 0.14 
14 0 0 0 0 0 0 0.63 
15 0 0 0 0 0 0 0.64 
16 0 0 0 0 0 0 0.00 
17 0 0 0 0 0 0 0.00 
18 0 0 0 0 0 0 0.00 
19 0 0 0 0 0 0 0.00 
20 0 0 0 0 0 0 0.00 
21 0 0 0 0 0 0 0.00 
22 0 0 0 0 0 0 0.00 
23 0 0 0 0 0 0 0.00 
24 0 0 0 0 0 0 0.00 
25 0 0 0 0 0 0 0.00 
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Table A3. (Continued) 
Stops 2013 2014 2015 2016 2017 Total Raster Value 
26 0 0 0 0 0 0 0.53 
27 0 0 0 2 0 2 0.25 
28 0 0 0 0 2 2 0.00 
29 0 0 0 0 0 0 0.31 
30 0 0 0 0 0 0 0.00 
31 0 0 0 0 0 0 0.00 
32 0 0 2 0 0 2 0.00 
33 0 0 0 0 0 0 0.00 
34 0 0 0 0 0 0 0.00 
35 0 0 0 0 0 0 0.00 
36 0 0 2 0 0 2 0.00 
37 2 0 0 0 0 2 0.53 
38 0 0 0 0 0 0 0.00 
39 0 0 1 0 0 1 0.34 
40 0 0 0 0 0 0 0.57 
41 0 0 0 0 0 0 0.00 
42 0 0 0 0 0 0 0.00 
43 0 0 0 0 0 0 0.00 
44 0 0 0 0 0 0 0.00 
45 0 0 0 0 0 0 0.00 
46 0 0 0 0 0 0 0.00 
47 0 0 0 0 0 0 0.53 
48 0 0 0 0 0 0 0.26 
49 0 0 0 0 0 0 0.00 
50 0 0 0 0 0 0 0.00 
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Table A4. BBS survey data and HSI values for the Ridge Harbor route. The HSI raster values were 
extracted from a 500m focal statistic of each stop. 
Stops 2013 2014 2015 2016 2017 Total Raster 
Value 
1 0 0 0 0 0 0 0.47 
2 0 0 0 0 0 0 0.94 
3 0 0 0 0 0 0 0.83 
4 0 0 1 0 0 1 0.00 
5 0 0 0 0 0 0 0.76 
6 2 0 2 0 0 4 0.00 
7 0 0 0 2 0 2 0.00 
8 0 0 0 2 0 2 0.34 
9 1 0 0 0 0 1 0.00 
10 0 0 0 0 0 0 0.00 
11 0 0 0 2 0 2 0.00 
12 0 0 0 0 0 0 0.00 
13 0 0 0 2 0 2 0.00 
14 2 0 0 0 0 2 0.78 
15 0 0 0 0 0 0 0.69 
16 0 0 0 0 0 0 0.00 
17 0 0 0 0 0 0 0.00 
18 0 0 0 4 0 4 0.38 
19 0 0 2 1 0 3 0.00 
20 0 0 0 0 0 0 0.76 
21 0 0 0 0 0 0 0.00 
22 0 0 0 0 0 0 0.00 
23 0 0 0 0 0 0 0.00 
24 0 0 0 0 0 0 0.00 
25 0 0 0 0 0 0 0.00 
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Table A4. (Continued) 
Stops 2013 2014 2015 2016 2017 Total Raster Value 
26 0 0 0 0 0 0 0.13 
27 0 0 0 0 0 0 0.13 
28 0 0 0 0 0 0 0.00 
29 0 0 0 0 0 0 0.00 
30 0 0 0 0 0 0 0.00 
31 0 0 0 0 0 0 0.00 
32 0 0 0 0 0 0 0.00 
33 0 0 0 0 0 0 0.00 
34 0 0 0 0 0 0 0.57 
35 1 0 0 0 0 1 0.61 
36 0 0 0 0 0 0 0.61 
37 4 0 0 0 0 4 0.60 
38 0 2 0 2 0 4 0.51 
39 0 0 0 1 0 1 0.51 
40 0 0 0 0 0 0 0.00 
41 0 0 0 0 0 0 0.56 
42 0 0 0 0 0 0 0.00 
43 1 0 0 0 0 1 0.16 
44 0 3 0 1 0 4 0.27 
45 0 0 0 0 0 0 0.13 
46 0 0 0 0 0 0 0.00 
47 0 0 0 0 0 0 0.51 
48 0 0 0 0 0 0 0.51 
49 0 0 0 0 0 0 0.51 
50 0 0 2 0 0 2 0.00 
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Table A5. Description data for Nobleton and Ridge Harbor stops. The data was provided by 
https://www.pwrc.usgs.gov. 
Stop Nobleton Description Ridge Harbor Description 
1 0.0 mi, Jct 476 & CR 621 on L Just beyond convenience store at pull out on 
left 
2 0.3 mi, Jct CR625 on Rt Under high-tension power line that crosses 
road (0.4 mi) 
3 1.0 mi, Metal gate on Rt #5066 Scrubby flatwoods just past Mangrove Road 
4 1.5 mi, Chain link fence on Rt, # 5606 Pasture to north and scrub to south of road, just 
past 3 Rivers Rd 
5 2.0 mi, Jct 476B on L, small dry pond on Rt At Blackjack Circle 
6 2.5 mi, Equestrian Center on Rt Scrub at far end of highway guard rail 
7 3.0 mi, SW 70 Dr on Rt Under residential power line crossing road at 
beginning of curve 
8 3.5 mi, Jct CR 633, Indian Hill Baptist 
Church 
At scrub ~100 yards west of 2nd Walnut Drive 
intersection 
9 4.0 mi, Jct 575 on Rt Just past curve sign on right at beginning of 
curve 
10 4.5 mi, Metal bldg behind chain link fence 
on Rt 
Scrubby flatwoods 0.1 mile past Serene Drive 
11 5.0 mi, 45mph sign, wooden fence on Rt At Bridge over shell Creek 
12 5.6 mi, County Park and boat ramp on Rt Flatwoods opposite Shell Creek Trailer Park 
13 6.1 mi, Biking and hiking trail crossing Flatwoods 0.1 mile past Indiana Drive 
14 6.6 mi, Entrance to Park on Rt #28011 Sand Pine Scrub at brick post fence on left 
15 7.1 mi, Rd to USDA Research Station on L Citrus grove on right, opposite far entrance to 
pasture on left 
16 7.6 mi, Middle of big curve to Rt After curve, across from cattle pens 
17 8.2 mi, Townsen Lake Park sign on Rt Brushy field at speed limit sign on right 
18 8.7 mi, White mailboxes on Rt Citrus grove where residential power line 
crosses road (before guardrails) 
19 9.3 mi, Headless dinosaur on Rt Flatwoods and group of 3 mailboxes on right 
20 9.6 mi, Mailbox # 25250 on Rt Cottage on left just past drive on right, just 
before intersection with 17 
21 10.2 mi, Metal gate on Rt Residential area at bridge at Lazy Lagoon 
Mobile Park 
22 10.6 mi, Fire station on L Residential area with high tension lines 
crossing road 
23 11.0 mi, Cross Hwy 41, stop at metal gate on 
Rt 
Residential area at railroad crossing 
24 11.5 mi, #23291 on Rt Residential area at address #6220, fire hydrant 
on right, low brick ranch on L 
25 12.0 mi, Driveway on Rt, Eden Baptist 
Church sign 
Palms and Pines Mobile Home Park at 
residential power line crossing road 
26 12.6 mi, Turn Rt on 481/476 to jct Van 
Haven Ln 
Residential area at Dutch Avenue 
27 13.0 mi, Snow Hill Rd jct on L Beginning of trailer park on right 
28 13.7 mi, Jct Golden Retriever Ln Culvert in low area with mangroves 
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Table A5. (Continued) 
Stop Nobleton Description Ridge Harbor Description 
29 14.3 mi, Jct Spring Prairie Rd On Hwy 17, pasture on right, (at beginning of 
turn lane for Mobil) 
30 14.6 mi, Jct Marengo Ln Residential area at Baptist Church on Left 
31 15.2 mi, Top of hill Flatwoods at intersection with Golf Course 
Blvd on left 
32 15.7 mi, Mailbox #12225 @ drive on Rt At pond on right just before intersection with 
Henry Street on right 
33 16.1 mi, Jct Stoer Rd At intersection with Utilities Road on right 
34 16.8 mi, 200' before Stagecoach Rd At Adams Brothers Cabinetry 
35 17.1 mi, Turn L on Stagecoach, go to top of 
hill 
At 2nd entrance to speedway on right (after 
grandstand entrance) 
36 17.5 mi, Jct Storey Mine Rd At dead end drive on right at curve 
37 18.1 mi, Jct Flutter Terrace At gate to pasture on right 
38 18.7 mi, Lone cabbage palm in pasture on L Overgrown pasture on left, thin strip of 
flatwoods between houses on R 
39 19.2 mi, Jct Forest Rd on L At guard rails and culvert 
40 19.6 mi, FL Trail crossing sign on Rt At brick arch on right 
41 20.0 mi, 0.2 mi before Tillis Hill sign on Rt At curve sign on right 
42 20.7 mi, Underground cable terminal # 441 
on Rt 
Where high tension wires go from parallel to 
perpendicular to rd on left 
43 21.1 mi, Before curve to L @ FL Trail sign 
on Rt 
At residential power line crossing, before I 75 
44 21.7 mi,Mailbox #245 At golf course pond just over I 75 overpass 
45 22.2 mi, Driveway on Rt, past empty field Flatwoods opposite big yellow, 3 door garage 
on left 
46 22.6 mi, Cross Lecanto Rd, stop at metal 
gate on Rt 
Taylor Road intersection 
47 23.2 mi, House #1860 on L, Meadow Run 
Estates on Rt 
Pond on left at County building (3.5 mi from 
pt. 46 on Airport Rd.) 
48 23.6 mi, Underground cable terminal on Rt Beyond corral at gate to pasture on right 
49 24.2 mi, L turn sign on Rt Residual hammock on curve just prior to 
college entrance (hard hit by H. Charley) 
50 24.9 mi, Top of rise, curve sign Athletic fields on left. 
 
 
 
